In ungrazed and undisturbed conditions, shrubsteppe vegetation of the Intermountain region between the Rocky Mountains and the coastal mountain ranges is affected by soil and climatic differences, and consists of varying amounts and species of sagebrush (Artemisia spp.), other shrubs, perennial bunchgrasses, and lichen and moss cover (Daubenmire 1956 ,Vale 1975 , West 1983 . Being nonrhizomatous, bunchgrasses do not spread laterally following herbivory and do not respond positively to grazing (Daubenmire 1940, Mack and Thompson 1982) . Widespread and heavy livestock grazing since European colonization altered this ecosystem considerably, with bunchgrasses in grazed areas often depleted within the first few decades of use (Mack 1981) . Sagebrush might have increased in density in some areas, but historical accounts and photos show that shrubs have always been a dominant component of the landscape in the Intermountain region (Vale 1975 , West 1988 . In some areas bunchgrass cover was replaced by the invasive winter annual cheatgrass (Bromus tectorum), which spread throughout overgrazed shrubsteppe after being introduced through cultivation (Klemmedson and Smith 1964, Mack 1981) . Shrubsteppe habitats in many locations were further degraded through mechanical or chemical treatments that removed sagebrush in an effort to establish introduced bunchgrasses such as crested wheatgrass (Agropyron desertorum) for continued grazing by livestock (Vale 1974 , Shane et al. 1983 . Given these largescale changes, it is not surprising that ecosystem processes have been altered, with fire frequencies changing from decadal periodicity in perennial shrubsteppe to the annual fire frequency of annual grasslands (D'Antonio and Vitousek 1992) .
Shrubsteppe of the Intermountain West ranges as far north as southern Canada, through a narrow band along the Okanagan Valley in Washington State extending into more open rangeland near Kamloops, British Columbia (Mack 1981 , Daubenmire 1988 ABSTRACT.-Shrubsteppe ecosystems in the Intermountain West have suffered extreme alteration from a variety of factors. Using a retrospective approach, I studied the effects of horse and cattle grazing at the northern edge of the range in southern British Columbia, Canada, where the shrubsteppe is not as heavily altered and ungrazed sites remain in areas dominated by antelope bitterbrush (Purshia tridentata). I measured shrub and understory cover at 10 sites that were either ungrazed, lightly grazed, or heavily grazed. Cover of antelope bitterbrush decreased with grazing, and cover of big sagebrush (Artemisia tridentata) increased with grazing intensity. I sampled 72 species of vascular plants in the understory. Livestock grazing resulted in more bare soil, especially at sandy rather than rocky sites, and in quadrats located in the interspaces between shrubs. More bare soil was associated with less spikemoss (Selaginella spp.) and less microbiotic crust cover. Of the 3 most common bunchgrasses, sand dropseed (Sporobolus cryptandrus) was associated with more bare soil but only at sites without spikemoss. Red three-awn (Aristida purpurea var. longiseta), which grew best without litter or microbiotic crust, was most commonly found with spikemoss. Needle-and-thread grass (Hesperostipa comata) , the most palatable abundant bunchgrass, was affected by livestock grazing, with shrub canopy cover offering some protection from grazers at the most heavily grazed sites. Rangeland management prescriptions in this area should take soil differences into account, with sandy soils being more prone to overgrazing and disturbance of the microbiotic crust cover than rocky soils.
invasion of cheatgrass accompanying this disturbance (Mack 1981) . However, rangeland management commenced in the 1930s, with the establishment of grazing exclosures and research activities (McLean and Tisdale 1972) , and the implementation of rotational grazing systems, which resulted in much improved range conditions (Bawtree 2005) . Unlike some areas of shrubsteppe farther south, large areas of cheat grass in British Columbia disappeared following improved management (Bawtree 2005) .
The 1st objective of my study was to assess the effects of horse and cattle grazing on an extant shrubsteppe ecosystem at the northern edge of its range in the southern Okanagan Valley. My study is retrospective, comparing a range of grazing histories including 3 ungrazed sites, 2 of which were topographically isolated and not historically owned by ranchers. Apart from the northward cattle drive in the mid-to late 1800s (Bawtree 2005), these sites remained free from livestock grazing. My study was impossible to conduct in big sagebrush (Artemisia tridentata) steppe because there were no comparable ungrazed sites; consequently, all of my study sites were dominated by antelope bitterbrush (Purshia tridentata). It is known that antelope bitterbrush is palatable and resistant to browsing (Bilbrough and Richards 1993), but how it responds to historical grazing pressure is not known. I predicted that antelope bitterbrush would not increase in cover (%) in response to grazing because (1) it is not disturbance adapted and (2) it has large seeds that are dispersed by rodents (Vander Wall 1994) and do not persist in the seed bank (Crist and Friese 1993, Clements et al. 2007 ).
The 2nd objective of my study was to evaluate the effect of shrub canopy cover on the understory plant community, which is likely to interact with the effects of grazing. In California, seedlings of coast live oak (Quercus agrifolia) were less browsed and established more readily under a shrub canopy (Callaway and D'Antonio 1991). Irrespective of livestock grazing, shrubs confer heterogeneity to a site in nutrients, moisture, and light (West 1989, Alpert and Mooney 1996) . It is expected that this heterogeneity will affect the distribution of understory species (Gutiérrez et al. 1993) in interaction with their palatability to grazers and grazing pressure at a site.
STUDY SITES
Ecosystem classification is commonly used in British Columbia to assist with management of its diverse landbase (Banner et al. 1996) . Polygons of habitat in the southern Okanagan and Similkameen Valleys were classified in 1991-1994 using Biophysical Mapping, a precursor to Terrain Ecosystem Mapping (TEM; Iverson and Haney 2006) . There were 24 potential study sites, or polygons of ≥5 ha, on the east side of the Okanagan Valley with the same shrubsteppe vegetation classification and a variety of range conditions ("AN": antelope bitterbrush with needle-and-thread grass [Hesperostipa comata] and coarse-textured soils). Upon ground-truthing, I found 9 sites available for use in the southern Okanagan, and I added another site from adjacent Washington State (Fig. 1) . The plant community at these sites was similar to that described as antelope bitterbrush/needle-and-thread grass in north central Washington (Youtie et al. 1988 ). Needle-and-thread grass is predicted to be the most abundant palatable bunch grass (the "cli max" species) at these coarse-soiled sites (McLean and Marchand 1968) , while sand dropseed (Sporobolus crypt andrus) is the predicted "increaser" in response to livestock grazing (McLean and Marchand 1968) . Average annual precipitation over the last 30 years for the weather station nearby at Oliver is 327.5 mm (data available from: http:// www.climate. weatheroffice.ec.gc.ca/climate_normals/index_ e.html).
The area of each sampled site ranged from 5 to 10 ha (Table 1) . However, only site LG1 was alienated by cultivation on all sides; the rest were surrounded by large tracts of contiguous shrubsteppe and ponderosa pine (Pinus ponderosa) habitat (though site UG1 was alienated by an irrigation canal). Other research from these sites has been published under different site names (UG1 -BW, UG2 -KB, UG3 -WA, LG1 -BO, LG2 -CWS, LG3 -KL, LG4 -OS, HG1 -WT, HG2 -RG, HG3 -OL or ELO; Krannitz 1997, Krannitz and Hicks 2000) .
Soils were described by the biophysical maps and were partly based on soil maps from Wittneben (1986) and from sampling representative polygons on the ground. For most sites the soils were classified as Orthic Brown. Sites UG1, LG3, and HG2 had Orthic Dark Brown soils, with an "exceedingly stony surface." The "stones" consisted of river rock, com monly 20-30 cm in diameter, and were not solely on the surface. Soil texture for Orthic Brown and Orthic Dark Brown was a combination of loamy sand and sandy loam (Wittneben 1986) . Only 1 site, UG2, had a different soil type, which was Rego Brown/Rego Dark Brown soil with a gravelly silt loam texture (Wittneben 1986 ).
METHODS

Historical and Current Grazing
Horses and cattle were the dominant large herbivores grazing at the study sites. I combined use by horses and cattle to rank and group the 10 sites according to grazing because both horses and cattle consume grass and their diets in sagebrush rangeland in northern California did not differ (Hanley and Hanley 1982, Reiner and Urness 1982) . I used anecdotal observations and frequency of dung in quad rats to determine use by horses and to determine recent (last 10 years) use by both horses and cattle. Presence of dung is an effective way to determine occupancy of a site by horses (Beever et al. 2003) Engeman et al. 2001) . Grazing histories by both horses and cattle were obtained from current and former owners and rangeland users, and from land-use memories provided by neighbors.
Sites classified as "ungrazed" have experienced little or no cattle or horse grazing since 1920 or earlier. Site UG1 was adjacent to a primary road to the west, and an irrigation canal to the east alienated it in 1920 from the larger grazed landbase of the Osoyoos Indian Reserve (es tablished in 1858-1864). Site UG2 was located on a waterless bench with steep, rocky terrain to the east and steep, unstable slopes to the west. A path allowed access by the occasional cow or horseback rider for short periods of time. This resulted in a small amount of horse dung being deposited at the site (1.8% of quadrats). Site UG3 was alienated from grazed big sagebrush rangelands by a steep slope to the east and by fruit orchards to the north and south. A paved road that intersected the property formed the western boundary of the site.
Sites classified as "lightly" grazed had limited use up until the 1980s and no use thereafter. Site LG1 was grazed in the late 1800s and early 1900s, but not since the 1970s. It had some horse dung (5% of the quadrats), attributable to visitors on horseback. Site LG2 was grazed by cattle and horses until 1966 when it was purchased for conservation. Site LG3 was situated below site UG2 and supported a small herd of cattle until the 1980s. Site LG4 did not have easy access to water, but horses were observed feeding there and the site was a corridor for travel; 7.5% of its quadrats had horse dung.
Sites classified as "heavily" grazed were used intensively in the past and are used currently. All 3 sites were within the Osoyoos Indian Reserve, with roaming herds of horses and cattle at sites HG1 and HG3. Stocking rate for the landbase within which sites HG3 and HG1 were situated was approximately 4.9 AUM ⋅ ha -1 (Aaron Stelkia personal communication, Osoyoos Indian Reserve) with year-round use until 1991 when 80 of 140 cattle were moved to higher range in June. According to McLean and Marchand (1968) , a stocking rate of 5.5 AUM ⋅ ha -1 will result in poor range condition in dry bunchgrass sites at low elevation. For good range condition at these sites, a stocking rate of 1 AUM ⋅ ha -1 is required (McLean and Marchand 1968) . Though cattle had access to both HG3 and HG1, they were known to be at HG3 for more of the year and browsed antelope bitterbrush, causing a "hedged" appearance (Krannitz and Hicks 2000) . Cattle were known to be at site HG1 in the late summer and fall. Horse dung at site HG1 was found in 32.5% of the quadrats. Site HG3 was the only site with cattle dung being deposited in the quadrats (2.5% of the quadrats, with 12.5% of the quadrats at HG3 having horse dung). Site HG2 was on the other side of the irrigation canal from UG1. It was near a pond where a herd of about 15 horses was concentrated, depositing dung in 35% of the quadrats.
Browsing by deer might confound grazing by livestock, and all sites except HG3 had some use by mule deer (Odocoileus hemonius; Krannitz and Hicks 2000). California bighorn sheep (Ovis canadensis californiana) were observed at LG2 and HG2 and potentially had access to UG2 and LG3 (Krannitz and Hicks 2000) .
Data Collection
From late May to early June 1994, I sampled ground and herbaceous cover (%) at each site with forty 20 × 50-cm quadrats, which is the number of quadrats suggested by Daubenmire (1959) to sample the majority of the common species at a shrubsteppe site. I placed 1 quadrat every 10 m along one 400-m northsouth transect at each site. I used a compass bearing to position the transect and to avoid subjective placement attributable to ground vegetation. I used species nomenclature in Douglas et al. (1994 Douglas et al. ( , 1998 Douglas et al. ( , 1999 Douglas et al. ( , 2000 Douglas et al. ( , 2001 to identify plant species. I recorded aerial cover (%) of understory vegetation using modified Daubenmire cover categories (<1%, 1-5%, 5-25%, 25-50%, 50-75%, 75-95%, 95-100%). In addition, I measured basal diameter (cm) and maximum height (cm) of the most common perennial bunchgrasses showing no signs of herbivory from each quadrat. I defined basal diameter as the width of the bunch at the point of contact with the substrate, and maximum height as the length of the longest vegetative leaf.
Using line-intercept (Brower et al. 1989 ), I measured shrub canopy cover with 9-13 sixtymeter transects per site. Juvenile antelope bitterbrush seedlings (<2.5 cm in stem diameter) were counted in fifteen 50-m 2 circular quadrats (4.0-m radius; Shatford 1997) to give density.
Statistical Analysis I used a direct ordination, canonical correspondence analysis (CCA; ter Braak and Šmi-lauer 1998) to test the effect of independent variables (canopy cover, current livestock grazing pressure [cover (%) of livestock dung], and cover [%] of deer or sheep pellets, bare soil, and litter) on cover (%) of the understory vascular species, spikemoss (Selaginella densa and S. wallacei), and microbiotic crust. Direct ordinations such as CCA use both species and environmental data to determine the strength of the relationship between them (Palmer 1993, ter Braak and Šmilauer 1998) . I added a blocking file of site identity to describe the nested nature of the quadrat data within sites and to prevent pseudoreplication. Hence, Monte Carlo randomizations were performed within each block (or site) to test the strength of the independent variables (ter Braak and Šmilauer 1998). Species found in only 1 quadrat were omitted from CCA analyses and rare species were downweighted to avoid undue influence on the ordinations (ter Braak and Šmilauer 1998). Cover (%) data were log(X + 1) transformed to improve distribution of the data (Lepš and Šmilauer 2003) .
I used analysis of variance (ANOVA, PROC GLM; SAS Institute, Inc. 1990) to evaluate the effects of grazing history and shrub canopy cover on aerial cover (%) and basal diameter and maximum height (cm) of the most common bunch grasses (H. comata, S. cryptandrus, A. purpurea var. longiseta) and of a composite "bunchgrass" variable that included the common species and bluebunch wheatgrass (Pseudoroegneria spicata), Sandberg bluegrass (Poa secunda), junegrass (Koeleria macrantha), Idaho fescue (Festuca idahoensis), threadleaf sedge (Carex filifolia), and Scribner's witchgrass (Dich anthelium oligosanthes var. scribnerianum).
I also used ANOVA to test the effect of grazing history and shrub canopy cover on cover (%) of alien invasive species (cheatgrass and diffuse knapweed [Centaurea diffusa]) and on ground variables, including cover (%) of bare soil, litter, and microbiotic crust.
To evaluate the effect of historical grazing in each ANOVA, I grouped grazing history into 3 classes: ungrazed, lightly grazed, and heavily grazed; the error term was site identity nested within grazing. The mean square of variance attributable to the interaction between shrub canopy cover and site was the error term for the interaction between grazing history and shrub canopy cover, and for both shrub canopy cover and site identity. I transformed percentage data with the arcsine square-root transformation before performing ANOVAs. Significant differences between means within response variables were tested with Fisher's least significant difference test (LSMEANS within PROC GLM; SAS Institute, Inc. 1990).
I used ANOVA to evaluate the effect of grazing history on linear cover (%) of antelope bitterbrush and big sagebrush. The mean square of variance attributable to site (nested within grazing history) was used as the error term for the effect of grazing history (PROC GLM; SAS Institute, Inc. 1990). I used ANCOVA to evaluate the association between cover (%) of bare soil and other ground covers (microbiotic crust, spikemoss) while controlling for site differences (the independent factor). I used Type III sums of squares estimable functions (PROC GLM; SAS Institute, Inc. 1990), which consider the variation attributable to both the covariable and independent factor at the same time and hence adjust the covariation according to the site structure of the data. This analysis considered quadrats only in the interspace between shrubs.
Spearman's rank order correlations were used to evaluate associations between plant species' cover at a site and cover of litter, microbiotic crust, and bare soil (PROC CORR; SAS Institute, Inc., 1990). In this analysis I used site means from quadrats in the interspace because of the strong effect of canopy cover on understory plants. Recent livestock use (over the last 10 years) was estimated with frequency (%) of dung in quadrats at each site. I also evaluated the effect of recent livestock use on linear canopy cover (%) and other site characteristics with Spearman's rank order correlation analysis (PROC CORR; SAS Institute, Inc. 1990).
RESULTS
Total linear shrub cover at my study sites ranged from 21% to 49% (Table 1) . Antelope bitterbrush was the dominant shrub at 82% to 99% of the shrub cover, with big sagebrush, red currant (Ribes cereus), rabbitbrush (Ericameria nauseosus var. speciosa), and juneberry (Amelanchier alnifolia) comprising the remaining cover. I sampled 72 species of vascular plants and 3 species of nonvascular plants including fragile fern (Cystopteris fragilis), spikemoss spp. (Selaginella densa and S. wallacei), and microbiotic crust (contact author for a complete list of species). Mean microbiotic crust cover in the shrub interspace ranged from a low of 10.5% (s x -= 2.9) at site UG1 to a high of 49.6% (s x -= 2.9) at site UG3 and consisted of lichen and moss species (Atwood 1998). The most frequently sampled vascular species were cheatgrass (92%) and needle-and-thread grass (45%). The 2nd most frequently sampled bunchgrass was Sandberg bluegrass (31%).
Grazing Effects and Bare Soil
Sites with heavier recent use had lower cover (%) of antelope bitterbrush (r s = -0.63, P = 0.05, n = 10). Heavily grazed sites had lower cover of bitterbrush than lightly grazed sites but not the ungrazed sites (F 2,7 = 5.3, P = 0.04; Fig. 2 ). Bitterbrush was also less dominant at heavily grazed sites, constituting 82%-88% of total shrub canopy cover compared to 92%-99% at lightly grazed or ungrazed sites (t = 6.09, df = 8, P < 0.001). Bitterbrush cover was lower at heavily grazed sites because they were being browsed, not because there was lower establishment. This was evident because neither current nor historical grazing was associated with density of adult shrubs (historical rank: n =10, r s = -0.16, P = 0.66; dung frequency: n =10, r s = -0.24, P = 0.51) or juveniles (historical rank: n =10, r s = -0.31, P = 0.38; dung frequency: n =10, r s = 0.29, P = 0.42).
Big sagebrush increased in cover (%) at heavily grazed sites (F 2,7 = 4.85, P = 0.048; Fig. 2 Fig. 2. Back-transformed LSMEANS of linear cover (%) of antelope bitterbrush (Purshia tridentata) and big sagebrush (Artemisia tridentata) from an ANOVA on effects of grazing history adjusted for site differences. Means that do not share letters within a species are significantly different at P ≤ 0.05. Error bars represent 1 standard error.
grazed: x -= 0.006% s x -= 0.066%; heavily grazed: x -= 1.1%, s x -= 0.057%). Big sagebrush made up a greater proportion of the shrub canopy at heavily grazed sites (1.5%-16%) compared to lightly grazed and ungrazed sites (0%-1.1%; t = 1.90, df = 8, P ≤ 0.05).
Livestock grazing and shrub canopy cover interacted in their effect on cover (%) of litter (Table 3) , with more litter under the shrub canopy and less litter at heavily grazed sites in the interspace (Table 2) . At the same time cover (%) of bare soil in the interspace at heavily grazed sites was over 6 times that of other sites ( Table 2 ). The effect of historical grazing on bare soil was marginally significant (Table  3) because the rocky and heavily grazed site (HG2) had comparably little bare soil (5.06% + -1.73% compared to 24.9% + -4.55% at HG1 and 46.6% + -4.80% at HG3 [sample sizes in Table 1 , interspace quadrats]). HG2 was physically separated from the ungrazed rocky site UG1 by an irrigation canal and though it is unlikely cattle grazed at site HG2, it was observed to be heavily used by horses. Only heavily grazed sites, irrespective of soil rockiness, had greater cover (%) of bare soil than litter in the shrub interspace (Table 2 ). Despite differences in rockiness, bare soil was associated with both historical and current livestock grazing (Fig. 4) and affected distribution of plant species among sites in the CCA ( Fig. 3 ). Cover (%) of bare soil was also the dominant trend of axis 1 (r = 0.43). Current grazing by livestock, or use by deer or sheep, did not significantly affect distribution of the understory (Table 4) .
Sand dropseed was positively associated with cover (%) of bare soil in the CCA, while bluebunch wheatgrass was negatively associated (Fig. 3) . Bluebunch wheatgrass was uncommon in my study area; only 18 of 989 bunchgrasses were bluebunch wheatgrass, with 14 at ungrazed sites, 3 at lightly grazed, and 1 at heavily grazed sites.
Cover (%) of bunchgrasses as a group did not decrease with heavier grazing (Fig. 5) The relationship between cover (%) of sand dropseed and bare soil interacted with spikemoss. Among all 10 sites, sites with more bare soil did not have greater cover (%) of sand dropseed (n =10, r s = 0.44, P = 0.20). However, there was a strong association between cover (%) of bare soil and sand dropseed among the 4 sites that did not have any spikemoss (HG 3, HG 1, UG 3, and LG 1; n = 4, r s = 1.0, P ≤ 0.0001).
Distribution of needle-and-thread grass was not associated with any variables in the CCA ordination and was located at the center of the ordination (Fig. 3) . Grazing history and canopy cover interacted in their effect on cover (%) of needle-and-thread, increasing the variability of the response (Table 5) . At heavily grazed sites, needle-and-thread did not differ in cover (%) beneath or between antelope bitterbrush shrubs, whereas at ungrazed sites, cover (%) was higher in the shrub interspace, similar to red three-awn and sand dropseed (Table 2 ). This pattern suggests that shrubs offered protection from grazing at grazed sites even though cover was not lower in the interspace.
Cover (%) of microbiotic crust and spikemoss decreased as that of bare soil increased with livestock grazing (Fig. 3 and Type III sums of squares ANCOVA results: spikemoss with bare soil, F 1, 274 = 6.6, P = 0.01; sites, F 1, 274 = 27.9, P < 0.0001; crust with bare soil, F 1, 274 = 17.8, P < 0.0001; sites, F 9, 274 = 9.2, P < 0.0001). The same pattern was found for quadrats under the shrub canopy for cover (%) of crust (bare soil, F 1, 104 = 4.0, P < 0.05; sites, F 9, 104 = 2.8, P = 0.02), but not for cover (%) of spikemoss (bare soil, F 1, 104 = 1.85, P = 0.2) except for significant differences between sites (sites, F 9, 104 = 6.75, P < 0.0001).
Other plant species associated with shrub interspaces and cover (%) of bare soil were the annuals common draba (Draba verna), threadleaved phacelia (Phacelia linearis), Douglas' knotweed (Polygonum douglasii) TABLE 5 . F values ( † P = 0.063, * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) from ANOVAs testing the effect of grazing history, canopy cover, site identity and their interactions on cover (%) of 3 bunchgrasses, needle-and-thread grass (Hesperostipa comata), sand dropseed (Sporobolus cryptandrus), and red three-awn (Aristida purpurea var. longiseta), and 2 alien invasive species, cheatgrass (Bromus tectorum) and diffuse knapweed (Centaurea diffusa). Error terms as in Table 3 . Cover (%) data were arcsine square-root transformed prior to analysis. 5 . Average density (per 1000 cm 2 ) (a) and cover (%) (b) ( back-transformed from adjusted means from ANOVAs) for the bunchgrasses needle-and-thread (Hesperostipa comata), sand dropseed (Sporobolus cryptandrus), bluebunch wheatgrass (Pseudoroegneria spicata), red three-awn (Aristida purpurea var. longiseta), Sandberg bluegrass (Poa secunda), junegrass (Koeleria macrantha), Idaho fescue (Festuca idahoensis), threadleaf sedge (Carex filiformis), and Scribner's witchgrass (Dichanthelium oligosanthes var. scribnerianum). Quadrats were either under antelope bitterbrush (Purshia tridentata) canopies or in interspaces, at ungrazed, lightly grazed, or heavily grazed sites (see Table 1 ). Bars within a grazing history category that do not share letters were significantly different at P ≤ 0.05. Error bars represent 1 standard error.
Species
(Phlox gracilis), jagged chickweed (Holosteum umbellatum), field cottonrose (Filago arvensis); and the perennials or biennials Sandberg bluegrass, long-leaved phlox (Phlox longifolia), Holboel's rockcress (Arabis holboellii), and low pussytoes (Antennaria dimorpha; Fig. 3 ). Red three-awn preferred sites with less microbiotic crust cover (n =10, r s = -0.80, P = 0.0005), and quadrats with less litter (Fig. 3) . It was most abundant at UG1, where it had 13.7% cover (next highest was 7.4% at HG2) and was strongly associated with spikemoss cover (n = 29, r s = 0.58, P < 0.001).
Understory and Litter
The distribution of understory plant species was strongly influenced by shrub canopy cover (Table 4 , Fig. 3 ). Crust cover (%) was greater beneath canopies ( Fig. 3 ; F 1, 7 = 7.12; P = 0.032; canopy, 31.74% + -0.30%; interspace, 18.96% + -0.24%), and there was more litter and less bare soil beneath canopies than in the interspace at ungrazed and heavily grazed sites (Tables 2, 3 ). Cover (%) of litter (r = 0.43) and cover of shrub canopy (r = 0.44) were the dominant trends of axis 2 of the CCA.
The following species were associated with canopy cover and litter: the perennials bluebunch wheatgrass, sagebrush mariposa lily (Calochortus macrocarpus var. macrocarpus), sedge (Carex filiformis), death camus (Zygadenus venenosus), brittle prickly-pear cactus (Opuntia fragilis); the annuals small-flowered blue-eyed mary (Collinsia parviflora) and smallflowered woodland star (Litho phragma parviflorum var. parviflorum); and the aliens prickly lettuce (Lactuca serriola), great mullein (Verbascum thapsus), and cheatgrass (Fig. 3) . Cheatgrass grew larger beneath shrub canopies as indicated by higher cover (%; Table 2) but in similar densities between the interspace and beneath the shrub canopy (Krannitz unpublished data) .
DISCUSSION
Livestock grazing directly affected the shrub canopy with a reduction in antelope bitterbrush and a slight increase in big sagebrush cover. Grazing also affected plants in the understory through an increase in the amount of bare soil at the expense of spikemoss and microbiotic crust. Compared with sandy soil sites, soils of rocky sites were not as disturbed from the effects of livestock grazing.
For antelope bitterbrush, reduction in shrub cover was not attributable to reduced establishment and was more likely because it is palatable and browsed by cattle (Reiner and Urness 1982, Krannitz and Hicks 2000) . Up to 80% of bitterbrush shrubs in Oregon were browsed under heavy livestock grazing compared with 15% under light grazing (Ganskopp et al. 2004) . These authors showed an inverse relationship between the amount of forage available and the proportion of bitterbrush shrubs browsed, indicating that bitterbrush is not a preferred food for cattle. In contrast to ungulates, which browse bitterbrush in the winter, cattle browsed in the summer at site HG3, causing a hedged appearance in the plants (Krannitz and Hicks 2000) . Horses were the dominant users at the other sites and they do not browse bitterbrush (Reiner and Urness 1982) .
There were relatively small increases in big sagebrush cover after perhaps 100 years of grazing. This is consistent with studies that do not show an increase in big sagebrush over shorter periods of time (20 years; West and Yorks 2002) or a decrease in big sagebrush in grazing exclosures for 30 years or more (Mc Lean and Tisdale 1972, Watts and Wambolt 1996) . Although the increase in linear cover (%) of sagebrush at heavily grazed sites was relatively small, the biological function changed, with the sagebrush-dependent songbirds Brewer's Sparrows visiting these predominantly bitterbrush sites (Krannitz 2007) .
Cover of bare soil increased greatly at heavily grazed sites and strongly influenced the distribution of understory species. This effect has been shown in other semiarid ecosystems (Milchunas et al. 1989) . In my study I found that soil rockiness interacted with grazing, with much less bare soil at the lightly and heavily grazed rocky sites LG3 and HG2. Rocky soils ("sheetwash alluvium") in New Mexico were also less affected by grazing than deeper soils ("deep alluvium"; Floyd et al. 2003) . The amount of bare soil at the rocky and heavily grazed site HG2, and the consequent reduction in spikemoss cover, was consistent with reductions in dense spikemoss cover at rocky sites in Montana (Van Dyne and Vogel 1967) . Similar to earlier findings (Anderson et al. 1982) , microbiotic crust cover decreased as bare soil increased. This is likely because grazing at my sites occurred year-round, and crusts are more susceptible to disturbance in the growing season (Memmott et al. 1998) .
It may be counterintuitive that cover (%) of bunchgrasses as a group did not increase while density increased at heavily grazed sites. However, the soil disturbance created by grazing may result in greater germination of disturbance-adapted species, though the plants may remain smaller. For example, the 2nd most frequent bunchgrass species in this study, Sandberg bluegrass, also increased in density (but not cover) with livestock grazing at shrubsteppe sites in Oregon (Rose et al. 1993) . It is interesting that bunchgrasses at the heavily grazed sites were shorter, because this is a common response of rhizomatous grasses from the prairies that evolved with large grazers such as bison (Mack and Thompson 1982, Carman and Briske 1985) . Shorter bluebunch wheatgrass was also found in Montana in grazed range (Fahnestock and Detling 2000) as was Idaho fescue in Wyoming (Pond 1960) . Grasses could be shorter at heavily grazed sites for a variety of reasons, including "reduced vigor" from a loss of carbon (Weaver and Darland 1947 , Pond 1960 , Reece et al. 1988 . Results from common garden experiments in which differences in stature were maintained after several years indicate at least partial underlying genetic differences (Painter et al. 1993) , though measurements of genetic markers in grazed and ungrazed Idaho fescue did not show any differences (Matlaga and Karoly 2004) .
The observed positive response of sand dropseed to disturbed sandy soils has been reported earlier, especially within the context of overgrazing (Archer and Bunch 1953) . However, recent work suggests that it responds best to moderate levels of grazing (Fuhlendorf and Smiens 1997) , and that heavier levels of grazing are detrimental to its establishment (Chambers and Norton 1993) . These findings suggest that the connection between sand dropseed and grazing pressure is a loose one and that it is affected indirectly through the influence of livestock activity on soil disturbance. The interaction with spikemoss may indicate an interaction with soil properties because it has been shown that the soils of transects with dense spikemoss have less sand and more silt than transects without (Van Dyne and Vogel 1967) and have more nutrients (Krannitz unpublished data) .
Needle-and-thread grass, the most abundant palatable bunchgrass, was the only common understory species whose cover was directly negatively affected by livestock grazing. The potential effect of grazing on needle-and-thread grass populations is substantiated by studies that have shown it to decrease in production under heavy grazing pressure (Lay cock and Conrad 1981), to be severely affected by defoliation (Wright 1967 , Reece et al. 1988 , and to increase in cover (%) under protection from grazing (Pearson 1965, Bethanfalvay and Dakessian 1984) . Needle-and-thread grass is also a preferred forage species for horses, which were abundant at my heavily grazed sites (Krysl et al. 1986 , Crane et al. 1997 ). Tueller and Blackburn (1974) used frequency of needle-and-thread grass to indicate range condition or successional state across 23 sites in Nevada. They described a response to grazing pressure similar to that found in this study, with "surviving plants protected under shrubby species"; France (2005) confirmed that cattle very rarely graze under shrubs.
Cheatgrass is palatable to grazing animals in the spring, and Daubenmire (1940) observed that its patchy distribution within heavily grazed areas required consideration of other factors. My results suggest that characteristics associated with conditions under the shrub canopy, such as increased moisture, should be investigated, as cover of cheatgrass was greater under antelope bitterbrush. My findings are supported by a 20-year study demonstrating that cheat grass disappeared because of drought between 1989 and 1992 (West and Yorks 2002) , and by a study showing desiccation to be a major source of mortality for cheat grass in nearby Washington State (Mack and Pyke 1984) . Soil texture can also be a factor, with less sand and more silt favoring cheatgrass invasion in Utah (Belnap and Phillips 2001) .
The lack of a response of the invasive alien diffuse knapweed to grazing history is not surprising given the ability of this species to respond to a variety of disturbances (Roché and Roché 1999) . Diffuse knapweed will invade ungrazed grasslands (Myers and Berube 1983, Lacey et al.1990) , but experiments in which competing grasses were defoliated showed that its establishment and growth would poten tially benefit from grazing of neighboring perennial grasses (Sheley et al. 1997) .
It is not uncommon that some species prefer to grow under shrub canopies while others prefer shrub interspaces (Shmida and Whittaker 1981 , Gutiérrez et al. 1993 , Tielbörger and Kadmon 1995 . Shrub interspaces offer more sunlight, and in my study the sites are drier (Atwood 1998). For the few species associated with shrub canopy cover, preference may be for microbiotic crust as it was more abundant under antelope bitterbrush shrubs. Crust cover at my sites moderates the moisture regime (Atwood 1998) and may facilitate seedling establishment for species less well adapted to drought.
Red three-awn cover was greater in areas with spikemoss, suggesting that edaphic factors might be most important to its establishment. There are no previous accounts of nutrient requirements for this species, and there is conflicting information on its response to competition (Fowler 1986a (Fowler , 1986b . The inconsistency may be attributable to soil nutrient status being an unmeasured and important factor in how red three-awn is affected by competition. I also found red three-awn associated with quadrats with little or no litter, which is consistent with Fowler (1988) .
Management Implications
My results indicate that managers setting stocking rates should take rockiness into account because less rocky soils will be more susceptible to disturbance from grazing. Normally, all 10 sites would be classified under "low elevation, dry bunchgrass" and be given similar range prescriptions, but the effect of grazing will differ based on soil characteristics. This assertion is supported by studies that also show an association between soil properties and plant distribution in the Rocky Mountains (Stohlgren et al. 1999) , just north of my study area (Parsons et al. 1971) , and in big sagebrush ecosystems in Oregon (Lentz and Simonson 1987) and Nevada ( Jensen et al. 1990 ). Sites with sandy soils are more susceptible to overgrazing and soil disturbance than rocky sites with spikemoss as the main ground cover. Associated with a decline in palatable species with high levels of grazing, the concomitant increase in soil disturbance on sandier sites will affect plant species associated with bare soil. 
